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A  series  of  composite  anion  exchange  membranes  are  successfully  synthesized  by  thermal  polymeri¬ 
zation  of  chloromethyl  monomer  in  a  porous  polyethylene  (PE)  substrate  followed  by  amination  with 
trimethylamine  for  alkaline  anion  exchange  membrane  fuel  cells  (AAEMFCs)  application.  These  mem¬ 
branes  exhibit  excellent  alkaline  durability  and  high  ionic  conductivity.  The  resulting  alkaline  anion 
exchange  membranes  (AAEMs)  show  a  hydroxide  conductivity  up  to  0.057  S  cm-1  at  30  °C  in  deionized 
water  and  do  not  exhibit  significant  changes  in  the  ionic  conductivity  and  the  IEC  in  1  M  KOH  solution  at 
60  °C  for  around  1000  h.  The  maximum  power  density  of  370  mW  cm-2  is  obtained  at  50  °C  for  H2/O2 
AAEMFC. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

There  have  been  great  demands  for  clean  energy  or  renewable 
energy  sources  in  the  past  decade.  Fuel  cells  have  attracted 
considerable  attention  due  to  their  high  energy  efficiency  and  low 
pollution  level.  For  the  fuel  cells  operated  in  low  temperatures, 
typically  below  100  °C,  there  are  basically  two  types  of  fuel  cells 
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distinguished  by  the  different  ions  being  transported  in  the  elec¬ 
trolyte,  proton  exchange  membrane  fuel  cells  (PEMFCs)  and 
AAEMFCs.  In  the  past  decades,  most  of  the  attention  was  focused  on 
PEMFC  due  to  the  invention  of  the  commercial  Nation  which  pos¬ 
sesses  a  suitable  combination  of  high  ionic  conductivity  and 
excellent  chemical  stability  1,2  .  Despite  of  the  great  success,  there 
are  still  many  challenging  barriers  which  hinder  their  way  of 
popularization  and  are  difficult  to  overcome.  Among  the  limita¬ 
tions,  the  dependence  on  noble  metal  catalyst  is  the  critical  one. 
AAEMFCs  have  begun  to  attract  a  lot  of  attention  recently  because 
of  the  significant  advantages  of  AAEMFCs  over  PEMFCs  in  terms  of 
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high  kinetic  for  oxygen  reduction  and  fuel  oxidation  in  alkaline 
environment,  and  the  lower  cost  by  using  non-precious  metal 
catalysts  [3]. 

In  an  AAEMFC  system,  AAEM  is  a  key  component  which  is  used 
to  conduct  anions  and  prevent  gas  crossover.  Recently,  many 
groups  have  devoted  to  producing  AAEMs.  Polymer  such  as  poly- 
sulfone  [4  ,  poly  (phthalazinon  ether  sulfone  ketone)  [5  ,  poly 
(arylene  ether  sulfone)  [6  ,  poly  (ether  ketone)  [7  ,  poly  (ether 
sulfone)  cardo  [8  ,  and  poly  (ether  ether  ketone)  [9]  based  AAEMs 
are  investigated  by  successive  chloromethylation  and  quaterniza- 
tion.  The  properties  of  AAEMs  will  have  a  significant  impact  on  the 
performance  and  durability  of  AAEMFCs.  In  particular,  high  per¬ 
formance  AAEMs  are  required  to  have  high  ionic  conductivity, 
mechanical  strength  and  dimensional  stability  simultaneously.  To 
avoid  dilemma  between  ionic  conductivity  and  stability,  some 
methods  and  techniques  have  been  commonly  utilized  including 
chemical  crosslinking  technique,  physical  pore-filling  and  rein¬ 
forcement  techniques.  Na's  and  Zhuang's  group  reported  AAEMs  by 
a  simple  self-crosslinking  strategy  respectively,  the  stability  of  the 
membranes  are  obviously  enhanced  by  crosslinking  technique 
[10,11  .  Coates  and  co-workers  reported  the  synthesis  of  a  series  of 
cross-linked  AAEMs  through  the  ring-opening  metathesis  poly¬ 
merization  of  tetraalkylammonium-fuctionalized  cyclic  olefins 
[12,13  .  Yamaguchi  and  co-workers  prepared  anion  exchange  pore¬ 
filing  membrane  by  filling  polyelectrolyte  14].  Another  enhanced 
membrane  method  is  reinforcement  technique.  Porous  PTFE 
membrane  has  been  adopted  as  supporting  material  due  to  its  great 
mechanical  strength,  thermal  and  chemical  stability,  dimensional 
stability,  lower  cost  and  availability  of  thinner  membranes.  PTFE 
membrane  reinforcement  technique  is  considered  as  one  of  the 
most  effective  methods  to  increase  membrane  mechanical  strength 
especially  in  fabricating  reinforced  proton  exchange  membranes 
[15,16  .  In  our  previous  study,  we  reported  quaternary  ammonia 
polysulfone/PTFE  and  crosslinked  quaternary  ammonia  poly 
(vinybenzyl)/PTFE  composite  membranes  [17,18].  Although  the 
membranes  exhibited  high  ionic  conductivity  and  good  dimen¬ 
sional  stability,  our  previous  study  encountered  one  problem:  the 
membranes  showed  poor  chemical  stability  especially  in  alkaline 
solution.  Some  reasons  may  be  explained  this  problem:  (1)  qua¬ 
ternary  ammonia  group  decomposition  by  OH-  attack  19],  (2) 
material  compatibility  between  porous  membrane  matrix  and 
polymer.  Because  PTFE  membrane  is  a  hydrophobic  and  high 
porous  material  and  the  anionic  exchange  polymer  is  generally 
aromatic  main  chain  unlike  Nation  with  C-F  main  chain,  it  has  poor 
compatibility  between  matrix  and  polymer.  So  the  polymer  will  be 
apt  to  fall  apart  from  PTFE  matrix  in  long-term  alkaline  solution. 
Moon's  group  reported  AAEM  from  4-vinylbenzyl  chloride  cross- 
linked  by  divinylbenzene  via  polymerization  in  PE  matrixe  followed 
by  quaternization,  this  membrane  showed  good  stability  in  alkaline 
solution  [20]. 

In  this  work,  we  first  attempted  to  prepare  the  pore-filled  anion 
exchange  membranes  refer  to  the  method  reported  by  Moon  [20]. 
To  further  improve  the  performance  of  the  membranes,  we 
inducted  another  fluoromonomer  into  the  copolymer  to  construct 
“hydrophilic-hydrophobic  micro-phase  separation”  structure.  The 
fabricated  membranes  exhibited  high  conductivity  and  excellent 
durability  in  alkaline  environment. 

2.  Experimental 

2.2.  Materials  and  composite  membrane  fabrication 

Porous  polyethylene  used  as  a  substrate  was  provide  from  Wide 
(porous  PE,  thickness:  20  pm  and  porosity:  40-50%).  4-vinylbenzyl 
chloride  (VBC,  Aldrich),  2, 2, 3, 4, 4, 4-hexafluorobutyl  methacrylate 


(HFM,  Aldrich),  divinylbenzene  (DVB,  Aldrich),  and  benzoylper- 
oxide  (BPO)  were  used  as  monomer,  cross-linker,  and  thermal 
initiator,  respectively. 

Two  monomer  solution  were  prepared:  (a)  96  mol%  VBC, 
4  mol%  DVB  and  0.12  mol%  BPO,  (b)  96(98)  mol%  VBC,  4(2)  mol% 
DVB,  2  mol%  HFM  and  0.12  mol%  BPO.  Then,  a  porous  PE  substrate 
was  immersed  in  the  monomer  solution  for  10  min  at  room 
temperature  to  allow  for  complete  impregnation  of  monomers 
into  the  porous  substrate.  After  the  monomer  sorption  process, 
the  PE  substrates  were  sandwiched  between  two  pieces  of 
glasses,  and  polymerized  at  100  °C  for  12  h.  After  the  polymeri¬ 
zation,  it  was  aminated  by  soaking  in  trimethylamine  (TMA)  or  a 
mixture  of  TMA  and  acetone  (3:1  by  vol.)  for  48  h  at  room 
temperature.  The  quaternized  membranes  were  washed  with 
water.  The  membrane  was  subsequently  soaked  in  1  M  KOH  for 
48  h.  Finally,  the  resulting  membranes  were  washed  and  stored 
in  deionized  water. 

2.2.  FTIR  characterization 

ATR-FTIR  of  membranes  was  obtained  on  a  JASCO  FT-IR  4100 
spectrometer  with  an  ATR  accessory  containing  a  Ge  crystal  with  a 
wavenumber  resolution  of  4  cm'1  and  range  of  500-4000  cm'1. 

2.3.  Ion  exchange  capacity,  water  uptake,  swelling  behavior  and 
mechanical  strength 

The  ion  exchange  capacity  (IEC)  of  the  membranes  was  deter¬ 
mined  by  titration  method.  The  membrane  with  OH-  forms  was 
soaked  in  0.01  M  HC1  solution  for  48  h  at  30  °C.  Subsequently,  HC1 
was  titrated  against  0.01  M  aqueous  solution  of  NaOH  with 
phenolphthalein  as  indicator.  The  IEC  was  calculated  as  follows 

[EC  _  M°.HC1  -  Me,HCl  /-JN 

111  ^ 

where  M0,hci  and  Me, hci  are  moles  of  HC1  before  and  after  titration 
with  NaOH,  respectively,  and  m  is  the  weight  of  the  membrane. 

Water  uptake  was  measured  by  immersing  the  membrane  into 
water  at  30  °C  for  24  h.  Then  the  membranes  were  taken  out,  wiped 
with  a  tissue  paper,  and  quickly  weighed  on  a  microbalance.  The 
weights  of  the  dry  membranes  were  obtained  after  drying  at  60  °C 
under  vacuum  for  24  h.  The  water  uptake  Wu  (wt%)  could  be 
calculated  as  follows: 

Wu(wt%)  =  Wdry  x  100%  (2) 

Wdry 

where  Wdry  and  Wwet  are  the  weights  of  dry  and  hydrated  mem¬ 
branes,  respectively. 

The  swelling  ratio  could  be  calculated  as  follows 
Swelling  ratio  (%)  =  x  100%  (3) 

Giry 

The  dimension  (length,  width  and  thickness)  of  sample  was 
taken  in  the  OH-  form  when  it  was  fully  hydrated  and  dried, 
respectively.  The  drying  of  sample  was  carried  out  at  60  °C  for  24  h. 

The  mechanical  property  of  the  membranes  was  measured  with 
a  WDW  Electromechanical  Universal  Testing  Machine  at  room 
temperature.  The  membrane  specimens  were  of  10  mm  width  and 
tested  using  a  programmed  elongation  rate  of  50  mm  min-1.  Before 
the  measurements,  the  membrane  samples  were  kept  in  DI  water  at 
room  temperature  overnight  and  water  on  the  surface  was  absor¬ 
bed  with  filter  paper. 
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Fig.  1.  A  schematic  of  the  crosslinked  bipolymer  and  terpolymer  composite  AAEMs.  The  bold  black  lines  represent  PE  chains. 


2.4.  Ionic  conductivity  measurement 

The  ionic  conductivity  was  determined  by  using  a  cell  with  a 
pair  of  pressure-attached  copper  electrodes  coating  gold.  The 
resistance  of  the  membrane  was  measured  by  using  electro¬ 
chemical  impedance  spectroscopy  (EIS)  using  a  Solartron  1260 
frequency  response  analyzer  coupled  to  a  Solartron  1287  poten- 
tiostat.  Signal  amplitude  of  10  mV  in  the  frequency  range  of  1 
MHz-0.1  Hz  was  applied.  Before  the  measurement,  the  membrane 
was  kept  in  DI  water  to  minimize  its  exposure  to  ambient  CO2.  The 
membrane  sample  was  taken  out  quickly,  and  then  sealed  be¬ 
tween  two  plates  with  electrodes  of  testing  fixture,  which  was 
placed  in  DI  water  to  keep  a  relative  humidity  of  100%.  Moreover, 
DI  water  was  updated  before  every  measurement.  The  membrane 
conductivity  (<7,  S  cm-1)  could  be  calculated  by  the  following 
equation 


where  L  (cm)  is  the  distance  between  the  working  electrode  and 
reference  electrode,  S  (cm2)  is  the  membrane  cross  sectional  area, 
and  R  (Q)  is  the  membrane  resistance,  which  is  obtained  by  simu¬ 
lating  from  the  AC  impedance  data  (Q). 


2.5.  MEA  preparation  and  fuel  cell  tests 

MEA  was  prepared  as  follows:  A  commercial  catalyst  Pt/C  (70%, 
JM  Co.)  was  mixed  with  a  certain  amount  of  water,  isopropyl 
alcohol  and  AS-4  ionomer  solution  (Tokuyama  Co.),  and  then 
sonicated  to  obtain  a  homogenous  ink.  The  Pt  loading  in  the  anode 
and  cathode  were  both  0.4  mg  cm-2.  The  abovementioned  catalyst 
ink  was  brushed  onto  a  gas  diffusion  layer  (GDL,  Toray-060)  to 
form  a  conventional  gas  diffusion  electrode.  MEA  was  comprised 
of  an  AAEM  sandwiched  between  an  anode  and  a  cathode,  and 
hot-pressed  at  60  °C,  1  MPa  for  2  min.  Fuel  cell  test  was  carried  out 
with  H2  and  O2  at  50  °C  with  100%  relative  humidity  (RH).  The 
flow  rate  of  H2/02  was  100/200  ml  min'1  at  0.05  MPa, 
respectively. 


3.  Results  and  discussion 

3.1.  General  scheme  for  AAEMs 

AAEMs  were  prepared  with  two  kinds  of  monomer  solution, 
which  structure  were  is  illustrated  in  Fig.  1.  The  bold  black  lines 
represent  the  porous  PE  chains.  The  structure  of  the  crosslinked 
quaternized  poly  (vinybenzyl-divinylbenzene)  bipolymer  and  the 
crosslinked  quaternized  poly  (vinybenzyl-divinylbenzene-hexa- 
fluorobutyl  methacrylate)  terpolymer  were  shown  in  Fig.  1(a)  and 
(b),  respectively.  The  monomer  HFM  was  highly  hydrophobic  due 
to  the  existence  of  abundant  F  element,  to  some  extent,  it  enhanced 
“hydrophilic-hydrophobic  micro-phase  separation”  of  the  mem¬ 
branes,  which  can  provide  continuous  pathways  for  ion  transport. 

3.2.  FTIR  analysis 

The  FTIR  spectra  of  porous  PE  substrate  and  the  fabricated 
membranes  were  presented  in  Fig.  2.  The  intense  peaks  at  2918  and 
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Table  1 

Membrane  properties  of  AAEMs. 


Membranes 

CMS:DVB:HFM 

IEC  (meq  g  1) 

Water  uptake 

Swelling  ratio  (%),  30 

°C 

Conductivity 

Thickness  (pm), 

Mechanical 

(wt%) 

L 

W 

T 

(S  cm  1),  30  °C 

in  dry  state 

strength  (MPa) 

CD96a 

96:4:0 

1.45 

43.4 

1 

2 

35 

0.022 

22 

— 

ACD96b 

96:4:0 

1.54 

59.8 

3 

3 

45 

0.03 

22 

115.1 

ACDH96b 

96:4:2 

1.35 

42.2 

2 

3 

28 

0.035 

22 

99.7 

ACDH98b 

98:2:2 

1.76 

65.0 

2 

2 

55 

0.057 

23 

102.3 

Reaction  conditions  for  quaternization.  a:  TMA;  b:  TMA  and  acetone. 


2848  cm-1  for  all  the  samples  were  attributed  to  -CH3  and  -CH2 
stretching  vibration  from  the  original  PE  substrate  [20].  After 
polymerization  and  quaternization,  a  new  absorption  band  at 
1618  cnrT1  appeared  which  corresponds  to  C=C  stretching  vibra¬ 
tion  in  an  aromatic  rings,  and  a  typical  C-N  vibration  peak  was 
observed  near  1380  cm-1  [21],  implying  that  monomers  were 
successfully  copolymerized  within  the  porous  PE  substrate.  The 
strong  band  near  3400  cnrT1  in  the  ACD96  and  ACDH96  spectrum 
correspond  to  the  quaternary  ammonium  group  stretching  vibra¬ 
tion  [22  .  As  such,  these  results  show  that  pore-filled  AAEMs  were 
prepared  successfully. 


IEC.  Fig.  3  showed  the  temperature  dependent  ionic  conductivities 
of  the  ACD96,  ACDH96,  ACDH98  along  with  Nation  211  (measured 
under  identical  conditions;  Nation  has  been  frequently  used  as  a 
benchmark  for  conductivity  assessment  of  various  membranes 
including  AAEM  [13  ]).  All  conductivities  increased  with  the  testing 
temperature.  The  ACDH98  with  low  crosslinked  degree  exhibited 
an  anionic  conductivity  of  0.057  S  cm-1  at  30  °C.  This  conductivity  is 
high  compared  with  that  of  most  of  AAEMs  such  as  radiation- 
grafted  ETFE  AAEM  (around  0.03  S  cm-1  at  50  °C)  23],  cross- 
linked  composite  AAEM  (0.032  S  cm-1  at  25  °C)  18],  and  SCL- 
TPQPOH  (0.038  S  cm"1  at  20  °C)  [24]. 


3.3.  Ion  exchange  capacity,  water  uptake,  swelling  ratio  and 

mechanical  strength  3.5.  Thermal  stability 


The  IEC,  water  uptake  and  swelling  ratio  of  each  AAEM  were 
listed  in  Table  1.  IEC  provided  an  indication  for  the  quaternary 
ammonium  groups  present  in  a  polymer  matrix,  which  was 
responsible  for  the  conduction  of  anions  and  provided  a  reliable 
approximation  of  the  ionic  conductivity.  The  IEC  of  the  CD96 
(1.45  meq  g^1)  with  TMA  as  the  quaternized  reagent  was  lower 
than  that  of  the  ACH96  (1.54  meq  g-1)  with  a  mixture  of  TMA  and 
acetone  as  the  quaternized  reagent.  This  may  be  because  the 
membrane  facilitated  swelling  in  acetone  by  making  the  quater¬ 
nization  easier.  The  IEC  of  the  ACDH96  decreased  to  1.35  meq  g~x 
due  to  increase  in  the  monomer  fraction  of  the  copolymer.  The 
maximum  IEC  (1.74  meq  g-1,  ACDH98)  can  be  obtained  as 
increasing  the  VBC  content  in  monomer  composition. 

The  water  uptake  of  the  fabricated  membranes  showed  a  linear 
increase  from  42.2  to  65.0%  as  the  IEC  increased.  The  swelling  ratio 
of  the  fabricated  membranes  were  also  showed  in  Table  1.  All  the 
membranes  exhibited  good  dimensional  stability  in  the  length  and 
width  direction  because  of  the  restriction  effect  of  the  PE  substrate. 
However,  the  swelling  ratio  of  the  membranes  in  the  thickness 
direction  were  obviously  larger  than  that  in  the  length  and  width 
direction  at  room  temperature.  This  may  be  because  the  anionic 
polymer  on  the  surface  of  the  PE  substrate  exhibited  highly 
swelling  in  the  vertical  plane.  The  dimensional  stability  of  the 
ACDH96  was  better  than  that  of  the  ACD96  and  CD96  due  to  low 
water  uptake  as  inducting  the  monomer  HFM. 

The  mechanical  properties  of  the  fabricated  membrane  were 
measured  at  room  temperature  and  100%  RH.  As  shown  in  Table  1, 
the  mechanical  strengths  of  ACD96,  ACDH96  and  ACDH98  were 
115.1,  99.7  and  102.3  MPa,  respectively.  The  composite  membranes 
display  excellent  mechanical  property  due  to  the  reinforcement  of 
porous  PE  substrate. 

3.4.  Ionic  conductivity 

The  hydroxide  ionic  conductivity  of  the  membrane  is  a  key 
parameter,  which  is  closely  related  to  fuel  cell  performance.  As  is 
shown  in  ^able  1,  the  conductivities  of  the  CD96,  ACD96,  ACDH96 
and  ACDH98  at  30  °C  were  0.022,  0.03,  0.035  and  0.057  S  cm-1, 
respectively.  The  trend  of  the  conductivity  accorded  with  that  of  the 


The  thermal  stability  of  the  prepared  membranes  as  well  as 
pristine  PE  substrate  were  investigated  in  a  nitrogen  atmosphere  at 
a  heating  rate  of  10  °C  min-1  (Fig.  4).  Before  the  measurement,  the 
dry  membrane  samples  were  placed  on  the  balance  to  absorb  water 
until  the  weight  reached  the  equilibrium  at  room  temperature.  The 
original  porous  PE  substrate  displayed  a  single  step  degradation, 
whereas  the  resulting  composite  membrane  exhibited  three  step 
degradation  processes.  It  attracts  water  from  the  atmosphere  due  to 
the  strong  hydrophilicity  of  the  quaternary  ammonium  group,  a 
weight  loss  below  100  °C  corresponding  to  the  evaporation  of 
absorbed  water  was  observed.  This  behavior  has  been  commonly 
found  in  other  polymeric  ion  exchange  membranes.  The  second 
step  of  weight  loss  was  around  140-200  °C,  related  with  quater¬ 
nary  ammonium  groups  decomposition  [22  .  The  final  step  be¬ 
tween  400  and  500  °C  was  the  decomposition  of  polyethylene 
backbone.  It  could  also  be  obtained  from  Fig.  4  that  the  amount  of 
infiltrated  copolymer  is  around  30  wt%  of  the  total  composite 
membrane  weight. 
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Fig.  3.  Temperature  dependence  of  ionic  conductivities  of  the  membranes. 
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Fig.  4.  TGA  of  PE,  CD96  and  ACDH96  membranes. 
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Fig.  6.  l—V  polarization  curves  of  the  fuel  cells  with  the  ACD96,  ACDH96  and  ACDH98 
membranes. 


3.6.  Chemical  stability 

To  meet  the  requirements  of  the  practical  application  in  fuel 
cells,  besides  the  excellent  thermal  stability  and  high  ionic  con¬ 
ductivity,  the  prepared  AAEMs  must  have  good  chemical  stability, 
especially  in  the  high  pH  environment  of  alkaline  fuel  cells.  How¬ 
ever,  to  the  best  of  our  knowledge,  there  was  few  reports  on  the 
stability  of  the  AAEMs  in  long-term  alkaline  solution.  PEK  based 
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Fig.  5.  Alkaline  stability  of  CD96  and  ACDH96  membranes  in  1  M  KOH  solution  at 
60  °C. 


AAEM  prepared  by  Chen  showed  alkaline  stability  in  1  M  KOH  so¬ 
lution  at  60  °C  for  120  h  [25  .  Bis-imidazolium  based  AAEM  pre¬ 
pared  by  Yan  exhibited  good  long-term  stability  in  1  M  KOH 
solution  at  60  °C  for  30  days  [26  .  Here,  the  chemical  stability  of  the 
CD96  and  ACDH96  was  evaluated  by  immersing  them  in  1  M  KOH 
under  60  °C.  The  stability  of  the  membranes  in  alkaline  condition 
was  then  assessed  based  on  the  change  of  the  ionic  conductivity 
and  IEC  during  the  test  period  (Fig.  5).  During  the  test,  it  was  found 
that  the  ionic  conductivities  and  IEC  values  of  the  CD96  and 
ACDH96  did  not  significantly  change  even  after  exposure  upto 
about  1000  h,  indicating  that  the  fabricated  composite  pore-filled 
AAEMs  were  relatively  stable  in  1  M  KOH  solution. 

3.7.  Fuel  cell  performance 

The  polarization  performances  of  AAEMFCs  with  the  different 
membranes  were  shown  in  Fig.  6.  As  shown  in  Fig.  6,  the  open 
circuit  voltages  (OCVs)  reached  over  1.02  V  with  the  fabricated 
membranes  in  the  fuel  cell  tests,  which  is  in  the  range  of  typical 
alkaline  fuel  cell.  This  result  indicated  that  the  fabricated  mem¬ 
branes  had  no  significant  gas  crossover.  The  performance  of  the 
ACDH98  with  a  maximum  power  density  of  278  mW  cm-2  was 
better  than  that  of  the  ACDH96  (252  mW  cm-2)  and  CD96 
(237  mW  cm-2)  due  to  its  high  conductivity.  To  obtain  a  higher  cell 
performance,  we  tried  to  adjust  the  proportion  of  the  electrode.  The 
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Fig.  7.  The  cell  performance  of  the  different  electrode  with  the  ACDH96  membrane. 
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Table  2 

The  peak  power  density  of  H2— 02  AEMFC  reported. 


AEMs 

Thickness  [pm] 

Pmax  [mW  cm  2] 

Cell  temperature  [  C]  (back  pressure,  [kPa]) 

Pt  loading  [mgPt  cm  2] 

Ionomer 

ACDH96  (this  work) 

22 

370 

50  (0.05) 

0.4 

AS-4 

QAPS/PTFE  [17] 

20 

315 

50  (0.05) 

0.4 

AS-4 

TPPVBN30  [18] 

26 

338 

60  (0.05) 

0.4 

AS-4 

TPQPOH152  [27] 

50 

258 

70  (0.25) 

0.2 

TPQPOH124 

Radiation-grafted  AEM  [28] 

80  (wet) 

210 

50  (0) 

0.5 

t-PVBTMACl 

FAA  [29] 

70 

200 

80  (0.25) 

0.5 

TPQAOH 

QPMBV-APE  [30] 

50 

180 

70  (0.1) 

0.4 

QPMBV 

qPVB/OH"  [31] 

50 

156 

15(0) 

0.8 

qPVB/OH- 

PTFE-QDPSU  [32] 

30  (wet) 

146 

50  (0) 

0.5 

QDPSU 

ACDH96  was  used  as  the  electrolyte  due  to  its  low  water  uptake  and 
swelling  ratio.  The  best  performance  of  the  electrode2  with  the 
ACDH96  was  shown  with  a  maximum  power  density  of 
370  mW  cm-2  in  Fig.  7.  It  could  be  attribute  to  the  optimization  of 
the  electrode  structure.  This  is  compared  with  the  performance 
ever  reported  for  AAEMFC  (Table  2). 

4.  Conclusions 

The  pore-filled  anion  exchange  membranes  were  prepared  for 
AAEMFC  application.  The  fabricated  membranes  exhibited  excel¬ 
lent  alkalline  stability  after  exposure  upto  about  1000  h  in  1  M  KOFI 
solution.  The  AAEMFC  with  the  resulting  membrane  showed  a  high 
cell  performance.  These  results  suggest  that  the  fabricated  pore- 
filled  anion  exchange  membranes  in  this  work  are  promising  in 
AAEMFCs  application. 
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